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Objective(s): Endometriosis is a complex gynecologic disease with unknown etiology. Noscapine has 
been introduced as a cancer cell suppressor. Endometriosis was considered as a cancer like disorder, 
The aim of present study was to investigate noscapine apoptotic effect on human endometriotic 
epithelial and stromal cells in vitro.  
Materials and Methods: In this in vitro study, endometrial biopsies from endometriosis patients (n=9) 
were prepared and digested by an enzymatic method (collagenase I, 2 mg/ml). Stromal and epithelial 
cells were separated by sequential filtration through a cell strainer and ficoll layering. The cells of each 
sample were divided into five groups: control (0), 10, 25, 50 and 100 micromole/liter (µM) 
concentration of noscapine and were cultured for three different periods of times; 24, 48 and 72 hr. 
Cell viability was assessed by colorimetric assay. Nitric oxide (NO) concentration was measured by 
Griess reagent. Cell death was analyzed by Acridine Orange (AO)–Ethidium Bromide (EB) double 
staining and Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling (TUNEL) assay. 
Data were analyzed by one-way ANOVA.  
Results: Viability of endometrial epithelial and stromal cells significantly decreased in 10, 25, 50 and 
100 µM noscapine concentration in 24, 48, 72 hr (P<0.05) and apoptotic index increased in 25, 50 and 
100 µM noscapine concentrations in 48 hr significantly (P<0.05). Concentrations of NO didn’t show a 
significant decrease.  
Conclusion: Noscapine increased endometriotic epithelial and stromal cell death and can be suggested 
as a treatment for endometriosis.   
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Introduction 
 Endometriosis is a complex and enigmatic 

gynecologic disease with incompletely understood 
etiology and is defined as the presence of endometrial 
tissue outside the uterine cavity which causes an 
inflammatory reaction, chronic pelvic pain, and 
infertility. Endometriosis prevalence is estimated to be 
5–15% in women of reproductive age and 3–5% in 
postmenopausal women (1). The morphologic 
appearance of endometriosis is marked by 
proliferation, infiltration, angiogenesis and severe 
adhesions to the surrounding tissues. Researchers have 
focused on its pathogenesis, including anatomic, 
hormonal, immunologic and genetic factors (2, 3).  

The blood vessels supplying oxygen and nutrients are 
essential for the development and survival of 
endometriosis (4). It has been shown that angiogenesis 
is necessary for the survival of tumors larger than 2-3 
mm (5) and angiogenesis is found in endometriosis 
tissue (6) and it is considered as an angiogenic disease. 

 Previous study has shown increased incidence of 
cancer in women with endometriosis, and high 
prevalence of endometriosis has been seen in 
women with ovarian cancer (7). 

Endometriosis is often diagnosed by laparoscopy, 
and  a high percentage of recurrences of endometriosis 
happen. It is suggested that surgical and drug 
treatments may provide better results (8). Drug 
treatments used for endometriosis are Gonadotropin-
releasing hormone analogs (GnRH) agonists (1) and 
oral contraceptives (9), progestin antagonists such as 
mifepristone (RU 486) (10) and new suggestions such 
as statin (11) and cyclooxygenase-2 (COX-2) inhibitor 
(celecoxib) (12). The main purpose of medical 
treatment of endometriosis is inhibition of the growth 
and activity of endometriosis tissue, although, their side 
effects may limit the use of these drugs (8).  

Programmed cell death or apoptosis plays an 
important role in the physiology of endometrial 
tissue. Studies have shown that during the secretory
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phase of the menstrual cycle, the stromal and 
epithelial cells of endometrium undergo apoptosis 
(13). On the other hand, programmed cell death 
(apoptosis) significantly is reduced in endometriosis 
compared to normal endometrial tissue, and there is 
possibly an inverse relationship between apoptosis 
and endometriosis (14).  

Noscapine, a phthalideisoquinoline alkaloid, is 
composed of  1-10% opium alkaloids and is used as an 
antitussive in humans and experimental animals (15). 
Also, it has anti-cancer activity (16). This drug has high 
safety, low or no toxicity in the tumor suppression 
dosage and has been shown in liver, heart, bone 
marrow, spleen, and small intestine (17). Furthermore, 
noscapine solubility in water makes it more suitable 
than many other drugs to administer orally to treat 
cancer (15). Noscapine interacts with alpha-tubulin 
and induced apoptosis in cancer cells (18, 19).  Also, 
it has been shown to reduce neo-angiogenesis and 
tumor size and to stop apoptosis of tumor cells (20, 
21). Due to lack of definitive medical treatments for 
endometriosis and the need to identify new 
pharmaceutical compounds influencing this disease; 
this study was conducted to identify the in vitro 
effect of noscapine on endometrial epithelial and 
stromal cells of endometriosis patients. 

 
 

Materials and Methods 
In this in vitro experimental study, endometrial 

biopsies (n = 9) were prepared from women in the 
reproductive age (25-40 years old) and secretory phase 
of menstruation. The work on the human tissue was 
accepted by Ethics Committee of Kermanshah 
University of Medical Sciences and all patients signed 
informed consent. The samples with polyps, 
endometrial hyperplasia and cancer, and hormone 
therapy in the last three months were excluded. 

 
Stromal and epithelial cells isolation 

Endometrial cells were separated according to our 
previous studies (11, 22). After washing with 
phosphate buffer solution (PBS) containing 2% 
antibiotics-antimycotic solution, the biopsy was 
chopped using a sterile scalpel in a Petri dish and the 
chopped tissue was transferred to collagenase I 
solution (2 mg/ml) (Sigma, Germany) in medium: 
Dulbecco's Modified Eagle Medium/Nutrient Mixture 
F12 (DMEM/F12) (Gibco, Denmark) supplemented 
with  5% fetal bovine serum (FBS), (Gibco, Denmark) 
and incubated at 37 °C for 60 - 90 min. Cell suspensions 
were passed through 70 and 40 micrometer (μm) filter 
mesh (cell strainer; Becton Dickenson Company, USA). 
The 40 μm filter mesh was washed back to collect 
endometrial glands. These glands were dissociated to 
single cells by 0.02% trypsin and were cultured in 
DMEM/F12 with 10% FBS.  

The filtrate was centrifuged (2500 g) for 15 minutes 
and the cell pellet was broken by the media and the 
layering on the ficoll (Amersham-Abrahamson) and 

centrifuged (1500 g) for 30 min. Then, the supernatant 
was collected and rinsed with saline solution (0.15 mM) 
and was centrifuged (100 g) for 10 minutes. Stromal 
cells were cultured in DMEM/F12 with FBS 5%. 
According to our previous work (11, 22), DAKO 
standard methods were done for cytokeratin as an 
epithelial cell marker and vimentin for stromal cell 
marker. 

 
Experimental design 

Isolated stromal and epithelial cells of each sample 
were divided into five groups; control (0), 10, 25, 50 
and 100 µM noscapine concentrations (Sigma) and 
were cultured for three separate periods (24, 48 and 72 
hr), noscapine (MW = 413.4) is water soluble and these 
doses were selected based on Tayarani-Najaran study 
(23). Noscapine (0.0413 g) was dissolved in Deionized 
water to made 0.1 millimole/liter (100 µM). The other 
doses were prepared from  100 µM concentration. 

After treatment, the cells were examined for 
viability by colorimetric assay (MTT) assay. Dead cell 
and its variants were stained with acridine orange and 
ethidium bromide (AO/EB) and Terminal 
deoxynucleotidyl transferase (TdT) dUTP Nick-End 
Labeling (TUNEL) assay. The amount of nitric oxide 
(NO) release in the medium was measured by using 
Griess reagent (24, 25). 
 
Cell viability  

Viability was assessed by MTT (MTT [3-(4, 5-
dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium 
bromide]) (Roche, GmbH, Germany). After treatment of 
the cells, 20 µl of MTT solution (0.5 mg / ml in PBS) was 
added to each well of the 96 wells culture plate and 
incubated in a 5% CO2 at 37 °C for 4 hr. After incubation, 
the supernatant of each well was gently removed and 
100 µlit Dimethyl sulfoxide (DMSO) was added to wells 
and placed at room temperature for 30 min to dissolve 
produced formazan crystals. Absorbance was read at a 
wavelength of 570 nm against a reference wavelength 
of 630 nm using ELISA reader (Stat fax, USA) and the 
percentage of cell viability was calculated by dividing 
the absorbance of treated group to the absorption of 
control group × 100 (25). 

 
Acridine orange (AO)–ethidium bromide (EB) double 
staining cell morphological analysis 

Cell death detection was performed by acridine 
orange/ethidium bromide (AO/EB) double staining 
(26). Thus, 100 µliter of the mixture of two colors (100 
µg/mL AO and 100 µg/mL EB in PBS) was added to the 
cells in 96-well culture plates, which were then washed 
with PBS and cells were observed by fluorescence 
microscopy (Nikon, Germany). At least 200 cells were 
counted in each sample and the percentage of cell death 
was determined.  

 

TUNEL staining  
Apoptosis (nuclear DNA fragmentation) was 

detected by the TUNEL method using an in situ cell 
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death detection Kit (Roche Diagnostics Corporation 
Mannheim, Germany) according to the manufacturer’s 
instructions. Briefly,  After 48 hr treatment of epithelial 
and stromal cells with Noscapine, the cells were fixed in 
4 % PBS-buffered paraformaldehyde for 30 min at 
room temperature and then permeabilized with 0.1% 
Triton X-100 in sodium citrate for 2 min on ice. Then, 
the cells were incubated with 50 μl of terminal 
deoxynucleotidyl transferase end-labeling solution for 
60 min at 37 °C in a humidified chamber in the dark. 
Then, the cells were counterstained in PI staining 
solution for 4 min at room temperature in the dark. 
After each step, the stained cells were washed 1-2 times 
with PBS and were then observed by fluorescence 
microscopy (Nikon, Germany). The percentage of 
positively stained cells was calculated as the percentage 
of the apoptotic cells relative to the total number of the 
cells (27).  

 

Nitric oxide assay 
The supernatants of epithelial and stromal cells 

were used for NO measurement in 24, 48 and 72 hr 
culture periods. NOx (total nitrite and nitrate) levels 
were measured by Griess method (24). The 
supernatant was deproteinized by adding 400 µl of the 
supernatant to 6 mg zinc sulfate powder and 
centrifuged for 12 min (5 °C) at 12000 rpm. Then,      
100 µl of deproteinized samples and 100 µl of 
vanadium chloride (III) (to convert nitrate to nitrite) 
were added to microplate wells. A mixture of 
sulfonamides 2% (50 µl) and naphthyl ethylenediamine 
dihydrochloride (NEED) 0.1% (50 µl) was added to 
wells and incubated for 30 min at 37 °C. Concentrations 
of 6.25, 12.5, 25, 50, 100 and 200 µl sodium nitrate 
were used as the standard. The absorbance of wells was 
measured at 540 and 630 nm by ELISA reader (Stat fax 
100. USA). Each experiment was repeated at least three 
times. 

   
Statistical analysis  

Data were analyzed using one-way analysis of 
variance (ANOVA) to compare different groups. The 
analysis was carried out using Statistical Package for 
the Social Science (SPSS) version 16 (Chicago, IL, USA). 
Results were expressed as mean ± SEM and P < 0.05 
was considered significant. 
 

Results 
The viability indices of stromal cells for control, 10, 

25, 50 and 100 µM noscapine concentrations were 
97.9%, 91.7%, 90.3 %, 87.2 % and 85.7 % in 24 hr, 
94.3%, 88.4%, 86.7%, 83.6% and 76.9% in 48 hr, and 
95.7%, 84.3%, 82.7%, 79.6% and 72.9% in 72 hr, 
respectively. Survival rate of stromal cells at 
concentrations of 10, 25, 50 and 100 µM noscapine 
decreased compared to the control group in 24-, 48- 
and 72-hr time periods in time- and dose- dependent 
manner. The differences were significant at 50 and 100 
µM concentrations (P< 0.05) (Figure 1).  

The viability indices of epithelial cells were 93.7%, 
86.2%, 83.4%, 75.7% and 69.7% for control, 10, 25, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  The effect of different concentrations of noscapine 
on the human endometrial stromal (A) and epithelial cells (B) 
viability from endometriosis patients by MTT assay in 24, 48 
and 72 hr. Data were analyzed by one-way ANOVA. The results 
showed as mean ± SEM (*P< 0.05; **P< 0.001) 
 
 

 50 and 100 µM noscapine concentrations in 24 hr, 
91.0%, 84.1%, 80.8%, 72.7% and 67.1% in 48 hr 
and 86.8%, 79.4%, 74.1%, 70.9% and 63.5% in     
72 hr. The differences were significant at 50 and 
100 µM concentrations (P< 0.05).   
 
Types of cell death (acridine orange and ethidium 
bromide (AO/EB) staining  

Epithelial cells death increased significantly in 10, 
25, 50 and 100 µM noscapine concentrations (11.8%, 
15.7%, 20.5% and 26.4%, respectively) compared to 
control group (7.2%) in 24 hr. Stromal cell death 
increased significantly in 10, 25, 50 and 100 µM 
noscapine concentrations (10.6%, 14.3%, 19.9% and 
23.2%, respectively) compared to control group (5.6%) 
in 24 hr (P< 0.05) (Figure 2). Epithelial and stromal cells 
comparison showed noscapine more prominently 
affects epithelial cells than stromal cells. 

 
Cell death (TUNEL Assay) 

Epithelial and stromal cells death increased 
significantly in high concentrations of noscapine. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2.    The effect of different concentrations of noscapine on 
cell death in human endometrial stromal (A) and epithelial cells 
(B) of endometriosis patients by acridine  orange and ethidium 
bromide staining (AO/EB) in  48 hr. L= live cells (Opaque Green), 
EA= early apoptotic cells (bright green), LA= late apoptotic  cells 
(Orange), N= necrotic cells (Reddish orange). Magnification: ×200 .

Data were analyzed by one-way ANOVA. The results showed as 
mean ± SEM (*P< 0.05, **P<0.001) 
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Figure 3.  The effect of different concentrations of noscapine on cell 
death in human endometrial stromal (A) and epithelial cells (B) of 
endometriosis patients by TUNEL staining in 48 hr.  Apoptotic cells: 
arrowhead. Magnification: ×200. Data were analyzed by one-way 
ANOVA. The results showed as mean ± SEM (*P< 0.05; **P< 0.001) 

 
Apoptotic epithelial and stromal (TUNEL positive)  

cells in 10, 25, 50 and 100 µM noscapine concentrations 
increased to 9.04%, 13.07%, 15.15% and 17.82%, and  
7.48%, 12.56%, 14.44% and 16.11%, respectively 
compared to control groups  (4.96% and 4.46% ) in 48 
hr  (P< 0.05), (Figure  3). 

 
Nitric oxide concentration  

NO secretions by stromal cell were 29.12±5.8, 
28.13±1.89, and 24.39±5.13 in 100 µM concentration  
at  24, 48 and 72 hr treatments, respectively 
compared to their controls: 66.85±16.77, 
52.17±11.47, and 53.28±13.5. Epithelial cells NO 
secretions were 32.25±11.8,  27.44±12.97 and 
22.17±8.13 in 100 µM concentration at 24, 48 and 72 
hr treatments respectively compare to their controls: 
59.76±11.62, 49.97±12.87, and 46.5±2.57. Nitric 
oxide secretion of stromal and epithelial cells in the 
concentrations of 10, 25, 50 and 100 µM noscapine 
decreased time- and dose- dependent manner, but 
there is no significant difference compared to control 
group in 24, 48 and 72 hr. (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 4.  The effect of different concentrations of noscapine on NO 
secretion by human endometrial stromal (A) and epithelial cells (B) 
from endometriosis patients by Griess reagent in 24, 48 and 72 hr.  
Data were analyzed by one-way ANOVA. The results showed as mean 
± SEM 

Discussion 
Noscapine significantly decreased the viability of 

endometriotic epithelial and stromal cells in a dose- 
and time-dependent manner, which was more 
prominent in the epithelial cells (higher apoptotic 
index). Also, noscapine induced significant apoptosis 
in these cells and reduced their nitric oxide 
secretion. The inhibitory effect of noscapine on 
endometrial epithelial and stromal cells of 
endometriosis patients was similar to its inhibitory 
effect on breast cancer cells; MDA-MB-468, MDA-MB-
231(28), and melanoma cells (B16LS9) in mice (29).  
Despite the different types of cells, the results of 
these studies were similar to our finding.  

In the present study, we used pure noscapine 
while noscapine derivatives such as brominated 
noscapine 5-bromonoscapine (5-Br-nosc), reduced 
5-bromonoscapine (Rd 5-Br-nosc), inhibited cell 
proliferation effectively in lower concentrations in 
prostate, breast, ovary, and cervix cancer (30). 
Further, noscapine reduced the survival of liver 
cancer cells in a dose- and time-dependent manner 
and had no effect on non-malignant cells (23) which 
is in accordance with our results. 

Heidari et al (2007) showed that noscapine 
increased the ratio of Bax/Bcl-2 expression and 
induced apoptosis in two myeloid cell lines. In this 
study, noscapine as a new therapeutic agent with 
potential anticancer activity was suggested for 
glioblastoma multiform patients (31). Our study also 
showed that noscapine induced apoptosis in 
endometriotic cells and higher concentrations of 
noscapine caused cell death by apoptosis.  

In the present study, high concentrations of 
noscapine inhibited the secretion of NO from both 
endometriotic stromal and epithelial cells of 
endometriosis patients. The previous study has 
shown increased levels of NO in the peritoneal fluid 
of women with endometriosis compared to women 
without endometriosis (32). Several studies have 
shown high levels of NO and NO synthetase in 
cancerous tissues. For instance, NO levels increased 
in patients with gastric cancer (33). NO has 
antioxidant activity and prevents ROS-induced 
apoptosis leading to tumor growth by removing the 
oxygen free radicals (ROS) (34). On the other hand, 
NO induced apoptosis in endometrial cells and 
macrophages (35). There is a high NO produced by 
macrophages in women with endometriosis (36) 
which correlates to increased expression of NO 
synthetase and subsequent NO production (37).   

In the present study, we showed that nitric oxide 
production from endometriotic stromal and 
epithelial cells was lower in the experimental groups 
compared to the control group in time- and dose-
dependent manner. However, this reduction did not 
show significant differences and this decrease was 
higher in epithelial cells than in stromal cells, which 
can be attributed to the amount of cell death which 
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was higher in epithelial cells. So, noscapine increased 
epithelial and stromal cells apoptosis and reduced 
their nitric oxide secretion, and can be considered in 
endometriosis treatment.  

The study of cell death in epithelial and stromal 
cells of endometriosis has shown that cell death is 
varied in different phases of the menstrual cycle and 
the highest rate of cell death occurs at later stages of 
the secretory phase. Apoptosis occurs in both 
epithelial and stromal cells in the functional layers of 
the endometrium of endometriosis patients. On the 
other hand, the comparison between normal 
endometrium and endometriosis has shown that the 
cell death rate is reduced in stromal and epithelial 
cells from endometriotic tissue (35). The resistance 
of these cells to apoptosis and cell death has been 
demonstrated in previous studies (38). Therefore, 
induction of apoptosis in endometrial cells can 
prevent cell growth which was visible in our results.  

What is clear is that apoptosis is a mechanism 
that controls the promotion and development of 
endometriosis (39). In both normal and 
endometriotic endometrium, the apoptosis index in 
epithelial glands is higher than stromal cells (40). 
This suggests that these cells do not have an equal 
contribution in the creation and development of 
endometriosis. Also, in our study, the rate of cell 
death was higher in epithelial cells than stromal cells. 
Noscapine decreased cell proliferation and increased 
the apoptosis of endometriotic epithelial and stromal 
cells. It also reduced nitric oxide secretion.  

The present study was a preliminary two-
dimensional cell culture study with a limited number 
of patients. It needs to examine noscapine effect on 
endometriosis tissue in three-dimensional culture 
which is a better model for endometriosis study (41), 
and even animal model of endometriosis. Also, we 
didn’t survey apoptosis-related genes which may be 
affected by noscapine. In future study we plan to 
complete the present study by three-dimension 
culture of endometrial tissue of endometriosis 
patients. 

 

Conclusion 
These results suggest that the inhibitory effects of 

noscapine on the endometriotic stromal and 
epithelial cells may be useful to treat and suppress 
the growth and proliferation of endometriosis tissue.  
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